Background Female sex is known to have increased perioperative mortality in cardiac surgery. Studies reporting effects of sex on outcome following surgical repair for acute Type A aortic dissection (ATAAD) have been limited by small cohorts of heterogeneous patient populations and have shown diverging results. This study aimed to compare perioperative characteristics, operative management, and postoperative outcome between sexes in a large and well-defined cohort of patients operated for ATAAD. Methods The Nordic Consortium for Acute Type A Aortic Dissection study included patients with surgical repair of ATAAD at eight Nordic centers between January 2005 and December 2014. Independent predictors of 30-day mortality were identified using multivariable logistic regression. Results Females represented 373 (32%) out of 1,154 patients and were significantly older (65 AE 11 vs. 60 AE 12 years, p < 0.001), had lower body mass index (25.8 AE 5.4 vs. 27.2 AE 4.3 kg/m
Introduction
Acute Type A aortic dissection (ATAAD) is a lethal cardiovascular emergency for which surgical repair is essential.
1 Despite significant improvements in perioperative management over the past decades, surgery for ATAAD is still associated with high mortality and morbidity. 2 Several factors, such as advanced age and comorbidities including diabetes and chronic obstructive pulmonary disease (COPD), preoperative cardiogenic shock with or without cardiac tamponade, and longer cardiopulmonary bypass (CPB) time, have been suggested as independent predictors of poor outcome.
3-5
Sex differences have previously been shown to influence outcomes following cardiac surgery. 6, 7 In the risk models of both the Society of Thoracic Surgeons score and the European System for Cardiac Operative Risk Evaluation, female sex is a risk factor for early mortality after cardiac surgery. [6] [7] [8] In spite of sex differences being well documented in patients undergoing cardiac surgery, there have been few reports that specifically compare outcomes for males and females following surgical repair for ATAAD. Of the reported studies, some have found female sex to be an independent predictor of mortality after surgical repair for ATAAD, 3,9,10 while others found no significant association between sex and outcome. 4, 5, 11 The previous studies have been limited by small cohorts of heterogeneous study samples and have shown diverging results. This report from The Nordic Consortium for Acute Type A Dissection (NORCAAD) constitutes one of the largest studies investigating the impact of sex differences on outcome following surgical repair for ATAAD. The aim of this study was to determine the impact of sex on preoperative characteristics, operative management, and postoperative outcomes in a large multicenter cohort of patients who underwent surgical treatment for ATAAD.
Materials and Methods
The study is a part of NORCAAD, which includes eight centers in Denmark, Finland, Iceland, and Sweden. The study setup is further described elsewhere. 12 In brief, data were retrospec- The study was approved by each of the participating institutions. Patients were deidentified prior to inclusion into the database. As individual patients were not identified, obtaining individual consent for the study was waived.
Statistics
Data were examined for normal distribution using the ShapiroWilk test. Comparisons of two groups were performed with Mann-Whitney U test for continuous variables. Nonordered categorical variables were compared with Pearson's chisquared test and dichotomous variables with Fisher's exact test. All tests were two-tailed and conducted at a 0.05 significance level. Data are presented as mean AE standard deviation, median with 25th to 75th percentile (interquartile range) where applicable or number (percentage). Independent predictors of mortality were identified with odds ratio (OR) with 95% confidence interval (CI) estimated with a multivariable logistic regression. All variables were adjusted for age. The variables included in the multivariate analysis were selected based on degree of significance (p < 0.20) from the univariate and age-adjusted analysis. All statistical analyses were performed by a professional statistician using SAS Software version 9.4 (SAS Institute Inc., Cary, NC).
Results
A total of 1,154 patients were included in the study, of which 373 (32%) were females and 781 (68%) were males. 
Perioperative Characteristics
The perioperative characteristics are outlined in ►Tables 2 and 3. The Nordic Consortium for Acute Aortic Dissection Chemtob et al. 9
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(3.8% vs. 7.1%, p ¼ 0.03) and less often underwent repair using a mechanical composite graft (10.2% vs. 21%, p < 0.001). Surgical repair with valve resuspension, however, was more common among females as compared with males (44.2% vs. 37.3%, p ¼ 0.001). 
Outcome Measures

Discussion
In this study, we found no sex-related difference in early survival among patients who had undergone surgical repair for ATAAD. Females represented one-third of the cohort and were on average 5 years older, had lower BMI, and had more frequently a history of hypertension and COPD. Furthermore, CPB and HCA times were shorter among females, who less frequently underwent aortic valve replacement, compared with males.
Female sex has previously been suggested as a risk factor in patients undergoing surgical repair for ATAAD. However, most previous reports have included small cohorts, often involving heterogeneous patient populations, and have The Nordic Consortium for Acute Aortic Dissection Chemtob et al.
shown diverging results. 3,9,10 A limited number of multicenter studies, including the International Registry of Acute Aortic Dissection (IRAD), have examined the association between sex and outcome following surgical repair for aortic dissection. In the IRAD registry, Nienaber et al 9 found a significantly higher in-hospital mortality among females as compared with males (30.1% vs. 21.0%). However, the study included a heterogeneous group of patients with Stanford Type A and B dissections that were treated either medically and/or surgically. When adjusting for Type A aortic dissection, females still presented worse outcome. The increased mortality among females was suggested to be due to worse preoperative characteristics and an increased time-delay from symptom presentation to diagnosis as compared with males, although no risk-adjusted analysis was presented.
In this study, we found a shorter delay in the time duration from symptom presentation until definitive treatment with surgery among females than that for males, yet not statistically significant. A shorter delay in diagnosis could indicate that females were more inclined to seek medical attention on recognition of symptoms. However, as for ischemic heart disease, females often present with more atypical symptoms of ATAAD, resulting in misdiagnosis and treatment for other more common conditions, such as acute coronary syndrome. [13] [14] [15] It is well defined that the mortality rate increases significantly with time in patients with ATAAD, and a delay in diagnosis can have fatal consequences.
14 In a recent study by Melvinsdottir et al 16 that included both surgical cases and those diagnosed at autopsy, 35% of all patients with ATAAD died prior to hospital arrival. In consistency, another study reported that 49% of patients with ATAAD had died before hospital assessment, whereof 61% were females. 17 Death prior to hospital arrival may have influenced our results as we did not include these patients in this study, thus possibly underestimating the incidence of ATAAD and early fatality. Furthermore, females are found to be older than males at the onset of ATAAD and therefore may have been more prone to medical management as opposed to surgery.
18
The study by Lee et al investigated operative management and outcomes of 2,983 patients with ATAAD in North America. They found that both age above 70 years and female sex were independent predictors of mortality, in spite of the higher occurrence of ATAAD among males in their study. Nevertheless, the mean age for females and males was not reported, and the primary aim was not to study the effects of sex on outcome. 3 In most previous studies, the occurrence of ATAAD has consistently been lower among females (with a ratio of 1:2 or 1:3), who have also been found to be older with an average age difference of 7 to 11 years 4,5,9-11,16 and have lower BMI as compared with males. 4, 5 In consistency with previous studies, females were also significantly older, had lower BMI, and more frequently had a history of hypertension and COPD in the present cohort. Females also presented with significantly lower preoperative creatinine, although within the normal range. Interestingly, and despite these variances in patient characteristics, we found no difference in mortality among sexes. When adjusting for perioperative factors in a multivariable analysis, no difference was found between sexes in 30-day mortality. In the same analysis, a history of preoperative diabetes and COPD had an effect on mortality. This however did not seem to affect outcome in females, who more frequently presented with a history of COPD. Extensive aortic repair including aortic root and/or valve replacement and/or aortic arch repair may also influence outcome prognosis in patients. Nevertheless, and in contrast to the NORCAAD, intraoperative characteristics were not reported in most of the previous studies on sex differences in ATAAD. 4, [9] [10] [11] In this study, HCA time were shorter among females. This could be due to the increased incidence of total arch procedures in males, although not statistically significant. Furthermore, DeBakey Type I dissections were more frequent among males, indicating a more widespread dissection of the aortic arch and distal aorta. Females less frequently underwent extensive repair with valve replacement compared with males, which most likely explains the shorter duration of operation, CPB, and aortic cross-clamp time in females. Alternatively, it could indicate that The Nordic Consortium for Acute Aortic Dissection Chemtob et al. 11 Table 4 Univariable and multivariable logistic regression analyses for 30-day mortality The Nordic Consortium for Acute Aortic Dissection Chemtob et al. The Nordic Consortium for Acute Aortic Dissection Chemtob et al. 13
simplified procedures (supracoronary graft alone) were more often performed in females, and if so, possible sex bias. Such sex bias may have acted in a favorable direction: greater age and increased preoperative comorbidity thus counteracted by a swifter surgical procedure resulting in equalized early mortality. A longer life span among females may have contributed to the increased occurrence of comorbidities such as hypertension. 4 The incidence of hypertension, which increases with age, is believed to play an important role in the pathogenesis of ATAAD. However, and in consistency with previous studies, the incidence of ATAAD for males was twice that for females, implying that females may be less prone to the development of ATAAD.
Limitations and Strengths
This study included a subset of patients who reach designated tertiary referral centers alive. This is an important limitation, as a substantial proportion of patients with ATAAD who died prior to hospital admission may have been missed, thereby underestimating overall incidence and outcome. Importantly, data on the time duration from the onset of symptoms until the surgical treatment were often missing; therefore, these results have to be interpreted carefully. Differences may have been present in the surgical techniques used over time or among the different institutions; however, our multicenter study allowed us to include a large cohort of surgical patients with Stanford Type A dissection. Furthermore, the uniform health care systems in the Nordic countries ensured a relatively stable homogeneous populations for which follow-up was successfully achieved.
Conclusions
In summary, this study, which is one of the largest to date, found no sex-related differences in early mortality following surgery for ATAAD. This is seen despite females being older and having more comorbidities, but also presenting with less widespread dissection than males. In line with previous studies, females represented only one-third of the cohort, implying that females may be better protected from the development of ATAAD.
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